ABSTRACT
INTRODUCTION
Glucagon-like peptide-1 (GLP-1) and glucose-dependent insulinotropic polypeptide (GIP) are secreted in response to ingestion of nutrients. GLP-1 and GIP are rapidly inactivated in the circulation by dipeptidyl peptidase-IV (DPP-IV), which cleaves off two N-terminal amino acids [1] .
First, Vilsbøll et al. [2] demonstrated a response and a secretion of plasma immunoreactive active GLP-1 (pactive GLP-1) and plasma immunoreactive total GLP-1 (p-total GLP-1) after ingestion of a breakfast test meal (TM) were decreased in obese European patients with type 2 diabetes mellitus (T2DM). However, Lee et al. [3] and Kozawa et al. [4] reported that the response and secretion of p-active GLP-1 following ingestion of TM in Japanese patients with T2DM with or without obesity was similar to that in controls. They indicated that GLP-1 secretion may be different in races or dietary's customs of subjects [3, 4] . Our previous study, however, reported that postprandial secretion of p-active GLP-1 like substances (p-active GLP-1-S) related to plasma glucose (PG) levels following TM were impaired in incretin-related drug-naïve non-obese Japanese patients with T2DM [5] .
The differences between our preliminary study [5] and that of Lee et al. [3] Kozawa et al. [4] from that of Vilsbøll et al. [2] may be due to the different index for active GLP-1 secretion and the inclusion of subjects with obesity in the study.
Therefore, this study was to examine the effects of a TM similar to the one used by Vilsbøll et al. [2] on basal and postprandial levels of p-active GLP-1-S and the relative values of p-active GLP-1-S/PG in incretin-related drug-naïve obese Japanese patients with T2DM and obese Japanese controls with normal glucose tolerance (NGT).
MATERIAL AND METHODS

Sample and Recruitment
Obese Japanese patients with T2DM (n = 24, group 1) and obese Japanese subjects with NGT as controls (n = 12, group 2) were included in this study. The presence of obesity was based on the criteria of the Japan Society for the Study of Obesity [6] . Patients with T2DM receiving insulin treatment were excluded, because insulin therapy may influence p-active GLP-1 levels [7] . Diabetic patients were diagnosed according to the World Health Organization criterion [8] , which nowadays Japan Diabetes Society requires glycated hemoglobin (HbA1c) ≥ 6.5% (NGSP; National Glycohemoglobin Standardization Program) for a diagnosis of diabetes [9] .
Demographic characteristics of subjects participated were shown in Table 1 . Patients and control subjects were matched by sex, age, and body mass index (BMI). Because patients had a mean of 9 years passed the diagnosis of diabetes, some had retinopathy, nephropathy or peripheral neuropathy as microvascular disturbance, and asymptomatic coronary heart disease or asymptomatic cerebral vascular diseases as macrovascular disturbance. The occurrences of retinopathy, nephropathy and peripheral neuropathy were examined by ophthalmologist, by Control subjects were recruited from obese persons with normal glucose tolerance for a 75-g oral glucose tolerance test with <6.5% of HbA1c (NGSP) [9] . None of the participants had a history of gastrointestinal disease, anemia, or impaired liver function and none were receiving any other medications.
Written informed consent was obtained from all subjects after informing them of the purpose and nature of the study. This study was performed in accordance with the Declaration of Helsinki and with the approval of our hospital ethics committees.
Study Design
After 10-hour overnight fast, subjects were placed in a seated position at 9:00 a.m. with one cannula inserted into the cubital vein for blood sampling based on the method of Vilsbøll et al. [2] . The TM (520 -560 kcal) comprised of 60% carbohydrate, 23% fat and 17% protein [5, 7] . Patients stopped all medications during the study of which all medications had been received until the day before the study.
Insulin resistance and beta-cell function were assessed using homeostasis model assessment for insulin resistance (HOMA-R) and homeostasis model assessment for beta cell function (HOMA-β, %), which were calculated by the equations of [fasting serum immunoreactive insulin (s-IRI) level × fasting PG level]/405 and [fasting s-IRI level × 360/(fasting PG level-63). Insulinogenic index was also calculated by the ratio of change in postprandial s-IRI level/PG level from baseline to 30 minutes after ingestion of the TM as result obtained by the OGTT [3, 4] . Further, the relative value of GLP-1-S/PG was defined as a calculation by the ratio of change before and 30 and 60 minutes after ingestion of TM.
Blood samples were collected in ice-cooled tubes from the inserted cannula immediately before, and 30 and 60 minutes after ingestion of TM. Samples were separated by centrifugation at 4˚C for later determination of PG, s-IRI, serum immunoreactive C-peptide (s-CPR), and pactive GLP-1-S. The sample collected was also used to measure HbA1c levels.
Blood samples for p-active GLP-1-S and glucose were collected in ice-cooled vacutainers containing EDTA with 10 μL DPP-IV inhibitor (diprotin) per mL of blood and in vacutainers containing NaF, respectively [5, 7] .
Incremental levels of PG, s-IRI, s-CPR and p-active GLP-1-S after ingestion of the TM were calculated from the integrated areas under curves (AUC) on each level at 0, 30, 60 minutes after ingestion of the TM based on the method described by Vilsbøll et al. [2] .
Assay Methods
HbA1c was measured with the previously reported method using high-performance liquid chromatography [5, 7] . The value was expressed as NGSP equivalence [9] . PG was measured with oxidase method using a comercial kit (Arkray Inc., Kyoto, Japan or Nittobo Medical Co., Tokyo, Japan). The sensitivity and specificity were the same in both kits. S-IRI was measured by two-site sandwich enzyme immunoassay kit (Abbott, Co., Tokyo, Japan or Tosoh Co., Tokyo, Japan). S-CPR was measured by two-site sandwich enzyme immunoassay kit (Roche Diagnostics, Co., Tokyo, Japan or Tosho Co., Tokyo, Japan). Both lower detection limits are 1.0 μU/mL for s-IRI and 0.2 ng/mL for s-CPR. The validation of both kits was same, and the intra-and inter-assay coefficients of variation were both <5% in our laboratories. Both IRI assays showed 100%, 0.1%, and 0.001% cross-reactivities with human insulin, human pro-insulin, and human CPR, respectively. Both CPR assays showed 69% and 0% crossreactivities with human pro-insulin and human insulin, respectively. P-active GLP-1 was measured in the unextracted sample by two-site sandwich enzyme immunoassay using a commercially available ELISA active GLP-1 kit (Linco Research, St. Charles, MO, USA) at SRL, Inc. (Tokyo, Japan) as reported previously [5, 7] . As foreign substances in unextracted samples might interfere in the assay [10] [11] [12] , we represented as p-active GLP-1-S that the value measured by this kit. The antibody provided with kit specifically recognizes the N-terminal region of active GLP-l (7-36 and 7-37), but not other forms of GLP-l (1-36, 1-37, 9-36 and 9-37). The limit of detection for this assay is <2.0 pmol/L. The intra-and inter-assay coefficients of variation were both <13% [5, 7] .
Statistical Methods
Results are expressed as means ± SEM. Differences between means of basal variables, insulinogenic index, active-GLP-1-S/PG or AUC in groups were evaluated statistically by chi square or unpaired t tests with or without Welch's correction.
The same method [5, 7] was used to determine how the response was affected by ingestion of the TM in groups. Two-tailed p-values <0.05 were considered statistically significant. Statistical analyses were performed using GraphPad Prism version 5.04 (GraphPad Software, La Jolla, CA, USA). (Table 1) There were no significant differences in sex, age, or BMI between groups. Means of HbA1c and PG were significantly higher in group 1 than in group 2. There was no significant difference in means of s-IRI, s-CPR or HOMA-R values between groups. However, means of HOAMA-β and p-active GLP-1-S/PG were significantly lower in group 1 than in group 2, although p-active GLP-1-S level was not significantly but tended to be lower in group 1 than group 2. In group 1, mean of diabetes was long time with 9 years, and some had micro-and macrovascular complications with the various degrees and received various drugs for various diseases.
RESULTS
Baseline Data
Postprandial Data (Figure 1)
For postprandial levels following ingestion of the TM, mean PG at each time point from 0 to 60 minutes was significantly higher in group 1 than in group 2, whereas means of insulinogenic index and, and s-IRI, s-CPR, pactive GLP-1-S and p-active-GLP-1-S/PG at each time point were significantly lower in group 1 than in group 2. Peaked levels of PG, s-IRI and s-CPR were shown 60 minutes after TM in both groups. However, peaked levels of p-active GLP-1-S and p-active-GLP-1-S/PG were observed 30 min after TM in both groups.
AUC Data (Table 2)
In terms of AUC (0 -60 minutes), mean of PG was significantly higher in group 1 than in group 2. However, means of s-IRI and s-CPR were significantly lower in group 1 than in group 2. In addition, means of p-active GLP-1-S and p-active GLP-1-S/PG were significantly lower in group 1 than in group 2.
DISCUSSION
We examined effects of TM on basal and postprandial levels of various variables in obese Japanese patients with T2DM and obese Japanese controls with NGT. The patterns of postprandial PG and s-IRI levels were similar to those in all subjects with obesity by Vilsbøll et al. [2] and others, but were different from those in controls without obesity by Lee et al. [3] and by our study reported previously [5] . All patients demonstrated low insulin secretion associated with low early-phase after ingestion of the TM, which was confirmed by low HOMA-β values and low postprandial s-IRI levels with low insulinogenic index following ingestion of the TM. Matthews et al. [10] defined that HOMA-R level with less than 1.6 is not insulin resistance, with 1.6 -2.5 is border line of insulin resistance and with more than 2.5 is insulin resistance. Based on the criteria, the groups of patients and Data are means ± SEM. The insulinogenic index was calculated by the ratio of the change in serum immunoreactive insulin levels (µU/mL)/plasma glucose levels (mg/dL) from baseline to 30 minutes after ingestion of breakfast test meal. Each AUC was calculated as increment levels of variables before, 30 and 60 min after ingestion of a test meal based on Vilsbøll et al. [2] . Differences between the means in two groups were statistically evaluated by unpaired t tests with or without Welch's correction. Two-tailed values of p < 0.05 were defined as statistically significant.
μU/mL and 0.8, respectively) in non-obese controls reported by us [5] , which were confirmed by high s-CPR levels. Therefore, the subjects had obesity with insulin resistance. This is a first report that postprandial p-active GLP-1-S levels were significantly lower by about half in obese Japanese patients than in the controls. The patients had diabetes for a mean of more than 9 years, and then they had micro-and macro-vascular complications without sever degrees.
In Japanese patients with T2DM, Lee et al. reported that there was no significant difference in mean of fasting and postprandial levels with AUC (0 -60 min) of p-active GLP-1 levels measured using the same method as the present study after ingestion of TM between non-obese patients and controls [3] . Further, Kozawa et al. reported that the incretin secretion did not differ between obese Japanese patients and controls [4] . On the other hand, Vilsbøll et al. and others reported that postprandial levels with AUC (0 -60 min) and secretion of p-active GLP-1 after ingestion of TM were decreased in obese European patients with T2DM compared with controls [2] . Accordingly, the difference is considered to be due to that GLP-1 secretion may be different in races or dietary's customs of subjects [3, 4] . However, this study indicates that one of the reasons may be due to the difference in the presence of obesity among study participants. Several studies in non-Japanese patients with T2DM have indicated a negative association between plasma GLP-1 levels and BMI [13] [14] [15] [16] . Meanwhile, Lee et al. [3] found no such association in the Japanese patients with T2DM. But, the patients had no obesity. In addition, Kozawa et al. compared obese patients and non-obese controls with NGT, and measured total GLP-1 but not active GLP-1 [4] . Therefore, the presence of obesity in Japanese subjects may also influence p-active GLP-1 levels. Alternatively, the differences between our findings and those of Kozawa et al. [4] may be due to the glycemic state of the patients. The glycemic state estimated by HbA1c (8.0% ± 0.3% in NGSP) in this study was similar to that (7.8% ± 1.8% in NGSP) in the patients by Kozawa et al. [4] . Hence the glycemic state may not be directly related to these differences.
Finally, the duration of disease, the medications used for various disorders before the study and the presence of diabetic complications, which indicated the T2DM is not homogenous, may influence findings. In the patients by this study, there was no significant differences (r = 0.01, p = 0.643, n = 24) in the association of AUCs in p-active GLP-1-S levels and the duration of diabetes from discovery. Furthermore, sulfonylurea [17, 18] or thiazolizinedione [19] used did not decrease secretion of active GLP-1, whereas alpha-glucosidase inhibitors [20] or biguanide [21] may enhance secretion of active GLP-1. Hence, the p-active GLP-1 levels in patients treated with alpha-glucosidase inhibitors (n = 6) or biguanide (n = 18) in this study should result in higher than those in control. However, actual levels of p-active GLP-1-S were not higher in the patients than in the controls. Further, antihyperlipidemic, anti-hypertensive or anti-hyperuricemic medicines does not influence secretion of active GLP-1.
In some diabetic complications, autonomic neuropathy may decrease incretin effect [22] , whereas chronic renal failure (serum creatinine 2.2 ± 0.9 mg/dl) may result in delayed elimination of GLP-1 secretin [23] . As we did not examine the presence of autonomic neuropathy by using laboratory tests as previously reported methods [2, 13] , it was unclear that the patients by this study had autonomic neuropathy, but the patients did not complain the clinical symptoms such as orthostatic hypotension, awareness hypoglycemia or other related disturbances. Also, Toft-Nielsen et al. reported there was no statistical association between p-active GLP-1 levels and autonomic neuropathy in patients with T2DM [13] . Further, although two patients in this study had macroalbuminuria, the serum creatinine levels were less than 1.0 mg/dl with more than 60 mL/minute/1.73 m 2 of GFR. Therefore, these factors may be not directly related to the impaired GLP-1 secretion in this study.
Limitations of This Study
First, the total calorie (520 -560 kcal) of TM used in this study was different from that (460 kcal) used in Kozawa et al. [4] , although the ratios of nutrients (60% carbohydrate, 23% fat and 17% protein) in TM of our study were similar to those (47% carbohydrates, 37.3% fat and 15.7% protein) in TM of Kozawa et al. Therefore, it is not completely ruled out that the different response may be due to the different total calorie used as TM.
Second, we used ELISA method developed by Linco Co., whereas Vilsbøll et al. used ELISA method developed by their group [2] . Recently, the Japan Diabetes Society and the Japan Association for Diabetes Education and Care Committee for Standardized Incretin Measurement recommend strongly that when p-active GLP-1 is measured, it needs to use sample extracted by ethanol or other methods [11] . The reason is due to that foreign substances in unextracted samples might interfere in the assay [12] . However, as the assays by us and Vilsbøll et al. [2] were not used such extracted samples, but ELISA kits using by us and Vilsbøll et al. were different, it may be difficult to compare the active GLP-1 levels between the groups directly. Moreover, the method of measuring p-active GLP-1 were same between this study and the studies by Lee et al. [3] and Kozawa et al. [4] .
Third, we had stopped the measurement for p-active GLP-1-s at early phase of 60 minutes after the ingestion of TM because that the most dramatic changes after the TM were within 60 minutes. Previous studies measured it until 3 hours after the ingestion of TM [2] [3] [4] . The difference may be influence to the results
CONLUSION
In conclusion, our results indicate that before and postprandial levels of plasma active GLP-1 like substances including relative to plasma glucose after TM in obese Japanese patients with T2DM were decreased compared with obese Japanese controls with NGT, which was not related to durations of disease, various complications and drugs except incretin-related medicines for diseases. Accordingly, there was an impaired active GLP-1 secretion in some type 2 diabetic patients who had obesity in European and Japan in spite of different in races or dietary's customs of subjects.
